ABSTRACT At Site 384, shallow water carbonates of upper Barremian and Albian age are overlain by Maestrichtian nannofossil chalk. Two to three meters of both limestones (mostly biomicrite and biomicrudite) and friable carbonate sand and gravel were recovered out of about 120 meters drilled.
INTRODUCTION
Carbonates of shallow-water origin were drilled above basalt at Site 384. They are overlain by and con¬ tain scarce intercalations of Cretaceous nannofossil chalk. The shallow-water material includes carbonate sand and gravel and limestone. Recovery in Cores 16 through 21, which constitute the entire sequence termed Unit 2 (see Site Report, Chapter 4), was ex¬ tremely poor. From a cored interval of 202.2 to 324.8 meters a total of 2 to 3 meters was recovered; this is not a very accurate measure because most of the mate¬ rial consists of rock fragments that cannot be correctly arranged. None of the samples can be called undis¬ turbed. Samples were studied in thin section, stained thin section, by X-ray diffraction, and by stable isotope analysis (see Rothe and Hoefs, this volume) .
COMPOSITION AND AGE
The samples obtained are almost entirely pure white calcium carbonate with a few intercalated lime mud layers that are slightly more yellowish and contain some clay. The carbonates include unconsolidated gravel-size skeletal material and limestone debris, and limestones, most of which are biomicrudites according to the classification of Folk (1962) . Skeletal material includes large mollusks, both pelecypods and gastro¬ pods, among which the presence of rudists merits spe¬ cial attention (caprinids and monopleurids were deter¬ mined by Perkins, this volume). Mollusks seem the most common forms present, but echinoderms, several types of foraminifers, ostracodes, bryozoans, corals, and red algae were also found. Orbitolines are abun¬ dant (Plate 3, Figure 4 ; Plate 4, Figure 1 ) and deserve special mention. Palorbitolina lenticularis (Blumenbach) and Paleodictyoconus arabicus (Henson) were determined from the lowermost sample by Schroeder and Cherchi (this volume). The Orbitolina fauna indi¬ cates upper Barremian (Schroeder and Cherchi, this volume), whereas the rudists suggest Albian for the shallow-water carbonates (Perkins, this volume). Among the foraminifers, miliolids are also common.
Preservation of most of the fossils is poor. The rud¬ ists as well as other mollusks occur mostly as steinkerns (Plate 1, Figure 3 ) or molds, (Plate 1, Figures 2, 4) and only very few shell fragments are sufficiently pre¬ served for paleontological determination.
The non-skeletal allochems include pellets, intra¬ clasts, and scarce carbonate rhombs.
DESCRIPTION OF CARBONATES
The carbonates can be grouped into three different types: (1) limestones, (2) skeletal sand, and (3) skele¬ tal gravel and limestone debris.
Limestones
Sorting of the allochems is very poor; allochems of different grain size (<l mm to >7 mm) occur in a micritic matrix of the most abundant types. Large pelecypods and gastropods up to a few cm in size occur. Ran¬ dom orientation of particles is obvious. Biomicrudite and intrabiosparrudite can be distinguished on the ba¬ sis of composition.
Skeletal materials within the limestones represent different stages of preservation. Allochems include mollusks (rudists, other pelecypods, gastropods), foramini¬ fers, ostracodes, echinoderms, bryozoans, corals, and red algae. Mollusk shells that we presume to have been originally aragonitic are mostly leached, and are now molds or steinkerns. Some particles still display deepreaching micritization rims (Plate 2, Figure 1 ). Both echinoderm fragments and miliolid foraminifers are usually unleached.
Carbonate Sand
Carbonate sand was found in the uppermost part of Core 16 and in the core catcher. Similar sand found in the uppermost part of Core 20, together with lumps of limestone, is probably downhole contamination. Aver¬ age grain size is 0.2 to 0.3 mm, sorting is moderate, most grains are subrounded and rounded, but some grains are still angular (Plate 4, Figure 3 ). The grains are mostly unidentifiable, severely micritized skeletal fragments. Some grains of better preservation are mol¬ lusk fragments, and foraminifers and echinoid spines, which are usually easily recognized in thin section (Plate 5, Figure 1) .
If the reworking process responsible for the sorting commenced after micritization, the stage of micritiza¬ tion of individual grains would have influenced the re¬ sulting assemblage. Totally micritized grains would have been the least resistant and thus the smallest and best rounded; less micritized grains such as some of the mollusk remainders would be more angular and larger.
Skeletal Material and Rock Debris of Gravel Size
Within the core catcher of Core 20 and Core 21, Section 1, sediments of "salt and pepper" appearance were found; particle size is in the range of 2 to 10 mm. They consist of light gray and white limestone rubble, dark blue-green rock from the underlying limestone/ basalt contact, and skeletal debris consisting primarily of mollusks, but also containing echinoid spines. Orbitolines, both light gray and white, are common in this gravel (Plate 1, Figures 5, 6 ).
Most grains are subangular to subrounded, but an¬ gular as well as rounded grains also occur. One possi¬ ble origin for at least a small part of this sediment is by brecciation during drilling. The underlying light gray biomicrite contains abundant orbitolines (Plate 4, Fig¬ ure 1); this rock is rather soft compared to the pure white limestones; thus, the fossils may have been selec¬ tively disintegrated by the grinding of the bit.
X-ray diffraction indicates both the limestones and the unconsolidated sediments to be low magnesian cal¬ cite. Dolomite is uncommon and was seen only in stained thin sections of limestones from Cores 16 and 20. It occurs as small patches (Plate 3, Figure 2 ). Mili¬ olid foraminifers also seem dolomitized. However, dif¬ ferences in staining with Alizarin Red-S may be due partly to grain size effects. The very fine grained car¬ bonate of the miliolids may not have been stained, leading to our suggestion of dolomite. Although stain¬ ing did not produce any positive results, it cannot be stated with certainty that no aragonite or high magne¬ sian calcite of skeletal origin is preserved; some very small amounts are possibly still present. At least some echinoderm particles show uniform optical extinction and may still consist of the primary skeletal carbonate.
PRIMARY DEPOSITIONAL ENVIRONMENT
Interpretation of the original depositional environ¬ ment is based on the paleoecology of the fossils and an actualistic comparison with sedimentological conditions in recent carbonate environments.
The rudists were suitable for paleoecological inter¬ pretation. Perkins (this volume) attributed shallow-wa¬ ter bank environments "no deeper than a few tens of feet" to caprinid rudists from Core 20, and a probable very shallow restricted environment to the monopleurid rudists from Core 16. Caprinid rudists are usually attri¬ buted to a reef facies (see Griffith et al., 1969) . Orbitol¬ ines are found in reef facies and also in neritic environ¬ ments (Rey 1973) , and corals, echinoids (spines abun¬ dant, Plate 1, Figure 7) , bryozoans, the large gastro¬ pods (Nerinea?, Plate 1, Figure 2) , ostracodes, and the miliolid foraminifers all point to formation in a shallow marine environment. Miliolids are regarded the diag¬ nostic foraminifers in restricted mud flat environments (Griffith et al., 1969) .
Interpretation of the depositional environment by sedimentological criteria is based on the limestone types; preponderance of micritic rock types points to quiet, low energy environments. This is further sup¬ ported by the fact that most of the skeletal debris, if preserved at all, is intensely micritized. Micritization within recent carbonate environments is common in very shallow warm water. The classical Bimini Lagoon (Bathurst, 1966) would be a probable counterpart. Pel¬ lets which form locally important constituents within the biomicrites, belong to the same environment. Some of the orbitolines are slightly rounded (Schroeder and Cherchi, this volume) and this can be referred to a re¬ working process that probably took place within the environment in which these organisms lived.
The carbonate sand on the other hand requires a lit¬ tle more agitated water. A certain amount of sorting has occurred, but the material was apparently not ex¬ posed for very long to such conditions, since rounding is still incomplete. A shallow bank at maximum a few meters deep seems the probable environment for the formation of such carbonate sand. No proof of a truly high-energy reefal environment is evident, though at least the caprinid rudists point to such an environment. The most probable overall environment for the Site 384 shallow-water carbonates may have been a shal-low shelf bank with biostromes and protected quietwater areas between. If it should ever be shown that a reef existed nearby, the drill site would then represent a back-reef environment.
DIAGENESIS OF THE CARBONATES
Both early and late diagenesis can be recognized in the samples, although "late" does not necessarily indi¬ cate that much time had passed between the two stages. Early diagenetic features include micritization (Bathurst, 1966) of skeletal fragments prior to their lithification and also some possible dolomitization; a probably soft protodolomite as known from the classi¬ cal Recent Florida Bay and Bahama Bank environ¬ ments (Shinn, 1964; Ginsburg, 1964; Shinn et al., 1965 ) may be assumed. Slight lithification of lime mud, which influenced subsequent formation of intraclasts, some of flat pebble shape, could also be re¬ garded as an early diagenetic process. Micritization is evident for skeletal fragments that can still be recog¬ nized in outline; shell structures, however, are in most cases completely destroyed. Some larger skeletal grains expose micritic envelopes, but their internal parts have not been affected. Dolomitization was suggested by stained thin sec¬ tions only. Small patches of dolomicrite occur within micritic limestone, and miliolid foraminifers seem also dolomitized as suggested by the fact that they were not stained by Alizarin Red-S; their presumed original shell carbonate is high-magnesian calcite, and this would be a reasonable precursor for dolomite forma¬ tion. Too little dolomite is present to appear in the X-ray diagrams, however.
Carbonate cements within the limestones are almost entirely restricted to intraparticle cements within shell molds and small chambers of foraminifers. The pri¬ mary shell carbonate was leached prior to cementation; thus, the formation of sparry calcite within the shell molds must be regarded a late diagenetic phenomenon.
In comparison with many recent carbonate environ¬ ments of warmer climates it can be reasonably as¬ sumed that most of the primary carbonate was aragonite and high-magnesian calcite. Aragonite-calcite transformation is also required for most of the Site 384 shallow-water carbonates. The leached mollusk shells, now molds or molds filled with sparry calcite, indicate that at least part of the rock had passed through a so¬ lution phase.
The filling with low-magnesian calcite spar is here regarded a late diagenetic process. Since aragonite is stable at seawater conditions, its dissolution can only be explained by the influence of meteoric water. Prior to leaching of aragonite, the skeletal grains, together with their micritic matrix, must have been lithified to become limestone. Some of the rock has still abundant open pore space from leached skeletal grains ("moldic porosity"), whereas in other samples these molds have been cemented by sparry calcite. Nothing can be said as to how much time had passed between formation of the carbonates and their final diagenetic stages. Studies of recent environments have shown that time is not an important factor if the chemical requirements for car¬ bonate transformation are met. The most prominent example is hard limestones of beach rock formation that contain Coca-Cola bottles (Friedman, oral com¬ munication).
Formation of moldic porosity as mentioned above indicates a supratidal environment more elevated than the low supratidal stage required for dolomitization. Rain water could then have percolated through the carbonates emerging from the seawater regime, and cause the diagenetic changes observed.
Such influence of meteoric water is, besides the fact of abundant moldic porosity, further supported by the isotopic composition of the carbonates. They are en¬ riched in light oxygen, δ 18 θ data ranging from -0.7 to -3.1 relative to PDB (Rothe and Hoefs, this volume). Interpretation of these data should reflect the composi¬ tion of rain water which caused the "late" diagenetic alteration of the carbonates. Since oxygen isotopic composition of rain water varies with latitude (Dansgaard, 1964) and is also dependant on worldwide av¬ erage temperature, reasonable δ 18 θ values of about -5 or even -3 (assuming slightly warmer temperatures during the Cretaceous) are suggested (Rothe and Hoefs, this volume). The values found from the Site 384 shallow-water carbonates indicate that these rocks have undergone almost complete fresh-water diagene¬ sis. Regarding even the poor recovery, the thickness of the entire shallow-water sequence might reasonably be assumed to be the 125 meters drilled. Fresh-water di¬ agenesis could have affected this entire pile of rock, in which case the area must have been exposed subaerially for a rather long time. A more reasonable explana¬ tion would be that the carbonates were episodically in¬ fluenced by percolating fresh water during periods of high supratidal exposure; such periods may have been repeated several times, but without a complete section this is also speculation; it might be suggested, however, on the basis of diagenetic features and the fact that carbonate formation took place in very shallow water, that water depth during deposition was a few meters or less. Within such an environment, little change of ei¬ ther sea-level or the crustal conditions could easily ex¬ pose the area subaerially, and subsequent slight subsid¬ ence or rise of sea level could again result in marine conditions. DISCUSSION Shallow-water carbonates from DSDP sites were earlier reported from Site 98 off the Bahama area (Perkins, in Hollister, Ewing et al., 1972) . This includes peri-reef, calcite-cemented skeletal limestone, consist¬ ing of mollusks, corals, calcareous algae, and echinoderms. A possible rudist fragment was also reported. Micrite envelopes, and completely micritized constitu¬ ents are also in evidence, and most of the carbonate is completely recrystallized. Although no X-ray analysis was available, the carbonate was suggested to consist of calcite. Precipitation of calcite within pore space and leaching effects are obvious, and the resulting moldic porosity and cementation were attributed to a subaerial environment. These carbonates are lower Campanian to upper Santonian, and occur at water depths below 3000 meters. They resemble very much the material described above from Site 384.
The finding of shallow-water rocks from reefal and peri-reefal environments from sites in the western North Atlantic suggests considerable crustal subsid¬ ence. Either vertical subsidence due to block faulting and/or isostatic adjustment, or sea-floor spreading where horizontal displacement is paralleled by a lower¬ ing of the sea floor may be responsible for the situa¬ tion. According to the spreading hypothesis, the deepest occurrences of drowned reefs and associated environments should be situated at or close to the mar¬ gins of the present ocean.
The areal distribution of mid-Cretaceous coral-rudist reefs compiled by Douglas et al. (1973) reflects a rather narrow belt situated at present-day Mediterra¬ nean latitudes. The carbonates of Site 384 fit very well into this east-west belt.
The present DSDP results do not indicate drowned reefs in central parts of the Atlantic Ocean but the sites mentioned encountered shallow-water carbonates at its western margin. This refers also to the as yet unpub¬ lished results of Leg 44. Since some shallow-water car¬ bonates are formed at the present Mid-Atlantic Ridge it may be assumed that the Cretaceous reefs were also formed at or close to the ridge crest at that time. This makes subsidence following sea-floor spreading a prob¬ able mechanism to explain the present situation of the shallow-water carbonates in the deep drill holes. A more detailed discussion of the subsidence history of the /-Anomaly Ridge and the shallow-water carbonates is given by Tucholke and Vogt (this volume). PLATE 1 Figure 1 Carbonate sand, slurry, from the top of the shallow-water carbonate sequence of Site 384, Core 16, Section 1. 
